INTRODUCTION
The geothermal industry has generally neglected to include groundwater studies in their exploration programs even though water is the resource being sought. The typical program has looked at water only with an eye to its chemistry. Geothermal exploration geophysicistscan remedy this-omission by inc!uding piezometers in their shallow drilling plans.
A piezometer is a small-diameter pipe open to a waterbearing formation at one depth only, generally at the bottom, as schematically shown in Figure 4 . The annulus between the drilled hole and the pipe or casing is usually grouted to ensure that there can be no vertical fluid flow within the hole. The elevation at which water stands in the piezometer indicates the total hydraulic head at the point of measurement. The hydraulic head H is the sum of two components, the pressure head P/py and the elevation head z:
where z is the elevation above an arbitrary datum (usually sea level), P is the fluid pressure, p the fluid density at ambient temperature, and y the acceleration due to gravity. Under nonisothermal conditions, observed head values are corrected for density differences. In most groundwater studies these differences are small enough to be neglected. At geothermal areas with cold water aquifers, the less dense thermal water generally plumes upward to float on the colder water or emerge as hot springs. Where the thermal water is not sufficiently hot and buoyant, the weight of the overlying cold water may hold it down. The result can be a temperature inversion within the aquifer.
Water flows from areas of higher hydraulic head to areas of lower hydraulic head. Figure 4 is The elevation of the top of the thermal flow system is shown in Figure 9 . These elevations cannot be corrected for density since the thermal gradient holes are not true piezometers and the inflections are not true hydraulic heads. The contours of Figure 9 reveal the levels to which the buoyant water rises. They reflect neither the radial pattern of the temperature map nor the west-to-east hydraulic gradient of the water table. Thermal water levels are higher within the bedrock southwest of The Geysers than they are in the adjacent alluvium. The high water levels may indicate that upwelling occurs in this area. It is also possible that water from The Geysers is perched above a less permeable horizon of volcanic rock.
Relatively high thermal water levels are sustained within the alluvium along the buried extension of the Malpais fault zone to the west of The Geysers (Smith, 1979) . Since water level and vertical hydraulic gradient data are not available there, it is not possible to decipher the hydrologic system that sustains the high thermal water levels. One plausible flow system would limit the source of thermal water to The Geysers and suggest that it preferentially flows laterally along the fault zone. If this were the case, vertical hydraulic gradient data would probably show only a small vertical component of groundwater flow. An alternative flow system that would account for the high thermal water levels in the alluvium suggests that the western extension of the Malpais fault zone may be a channel for rising thermal water. If this buried structure were a local source of thermal water, vertical hydraulic gradients along its trace would indicate an upward flow of water.
A few strategically placed piezometers could determine whether the western extension of the Malpais fault zone allows water to rise from depth. If it does, it may prove to be a viable geothermal exploration target or the key to the location of a deep permeable reservoir. Figure 2 summarizes the mean and standard deviations of the measured thermal conductivities for each of the major rock units in the Beowawe area. All thermal conductivity values were determined using a modified divided bar apparatus at the University of Utah (Chapman et al, 198 1) Converting ungrouted thermal gradient holes to piezometers may not provide reliable hydraulic head values because of the difficulty of ensuring that the perforated interval is open to only an isolated portion of the aquifer (Benson et al, 1980 ). However, it should be possible to obtain both hydrologic and thermal data from piezometers that are later converted to thermal gradient holes. In areas where shallow drilling is planned, holes that intersect an aquifer could be initially completed as piezometers. A screen and a wellpoint would be attached to pipe and set at the bottom of the hole, the annulus filled with gravel to the top of the screen and grouted to the surface. After the static hydraulic head is obtained, the screen could be plugged with cement and the hole filled with water, converting it to a thermal gradient hole. Companion piezometers would be needed to obtain vertical hydraulic gradient data. This procedure is recommended as an integral part of future hydrothermal exploration programs.
HEAT FLOW
At any geothermal prospect where drilling encounters water, the water is a source of data. The hydrologic-thermal field procedure recommended here requires repeated site visits and the drilling and completion of additional shallow, thin holes. This expanded exploration program is predicated on the assumption that it is worthwhile to gather as much meaningful data as possible at a reasonable price. The possibility of locating viable deep drilling targets with groundwater hydrology should encourage geothermal exploration managers to incorporate hydrologic data acquisition in their exploration plans.
